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DIAGNOSTIC, PROGNOSTIC AND
THERAPEUTIC USES OF LONG
NON-CODING RNAS FOR CANCER AND
REGENERATIVE MEDICINE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a divisional application of U.S. appli-
cation Ser. No. 13/470,233, filed May 11, 2012, which claims
benefit under 35 U.S.C. §119(e) of provisional application
61/486,025, filed May 13, 2011, all of which applications are
hereby incorporated herein by reference in their entireties.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with Government support under
contracts CA118750 and AR054615 awarded by the National
Institutes of Health. The Government has certain rights in this
invention.

TECHNICAL FIELD

The present invention pertains generally to long non-cod-
ing RNAs (IncRNAs) and methods of using them diagnosti-
cally and therapeutically. In particular, the invention relates to
IncRNAs that that play roles in regulation of genes involved in
cell proliferation, differentiation, and apoptosis, and their
uses in treatment of cancer, stem cell therapy, or regenerative
medicine.

BACKGROUND

Mammalian genomes are more pervasively transcribed
than previously expected (Bertone et al. (2004) Science 306:
2242-2246; Carninci et al. (2005) Science 309:1559-1563;
Calin et al. (2007) Cancer Cell 12: 215-229; and Carninci
(2008) Nat. Cell Biol. 10:1023-1024). In addition to the pro-
tein-coding regions of genes, much of the genome is tran-
scribed as non-coding RNAs (ncRNAs). These non-coding
genomic transcripts include many different types of small
regulatory ncRNAs and long ncRNAs (IncRNAs).

Included among the small non-coding RNAs are small
interfering RNAs (siRNAs), microRNAs (miRNAs) and
Piwi-associated RNAs (piRNAs), which function in genome
defense and post-transcriptional regulation (Mattick et al.
(2005) Hum. Mol. Genet. 14 Spec No 1, R121-R132; He et al.
(2004) Nat. Rev. Genet. 5:522-531; and Hutvagner et al.
(2008) Nat. Rev. Mol. Cell. Biol. 9:22-32). In addition, diver-
gent transcription by RNA polymerase near transcriptional
start sites (T'SS) can result in generation of small ncRNAs,
ranging from 20 to 200 nucleotides. These ncRNAs have been
variously named promoter-associated small RNAs (PASRs),
transcription-initiation RNAs (tiRNAs) and TSS-associated
RNAs (TSSa-RNAs) (Kapranov et al. (2007) Science 316:
1484-1488; Seilaetal. (2008) Science 322:1849-1851; Taftet
al. (2009) Nat. Genet. 41:572-578; and Core (2008) Science
322:1845-1848). It remains uncertain, however, if these ncR-
NAs are functional or just represent byproducts of RNA poly-
merase infidelity (Ponjavic et al. (2007) Genome Res.
17:556-565; Struhl (2007) Nat. Struct. Mol. Biol. 14:103-
105).

Long ncRNAs vary in length from several hundred bases to
tens of kilobases and may be located separate from protein
coding genes (long intergenic ncRNAs or lincRNAs), or
reside near or within protein coding genes (Guttman et al.
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(2009) Nature 458:223-227; Katayama et al. (2005) Science
309:1564-1566). Recent evidence indicates that active
enhancer elements may also be transcribed as IncRNAs (Kim
etal. (2010) Nature 465:182-187; De Santa etal. (2010) PLoS
Biol. 8:¢1000384).

Several IncRNAs have been implicated in transcriptional
regulation. For example, in the CCND1 (encoding cyclin D1)
promoter, an ncRNA transcribed 2 kb upstream of CCND1 is
induced by ionizing radiation and regulates transcription of
CCNDI1 in cis by forming a ribonucleoprotein repressor com-
plex (Wang et al. (2008) Nature 454:126-130). This ncRNA
binds to and allosterically activates the RNA-binding protein
TLS (translated in liposarcoma), which inhibits histone
acetyltransferases, resulting in repression of CCND1 tran-
scription. Another example is the antisense ncRNA
CDKN2B-AS1 (also known as p15AS or ANRIL), which
overlaps the p15 coding sequence. Expression of CDKN2B-
AS is increased in human leukemias and inversely correlated
with pl5 expression (Pasmant et al. (2007) Cancer Res.
67:3963-3969; Yu et al. (2008) Nature 451:202-206).
CDKN2B-ASI1 can transcriptionally silence p15 directly as
well as through induction of heterochromatin formation.
Many well-studied IncRNAs, such as those involved in dos-
age compensation and imprinting, regulate gene expression
in cis (Lee (2009) Genes Dev. 23:1831-1842). Other lincR-
NAs, such as HOTAIR and linc-p21 regulate the activity of
distantly located genes in trans (Rinn et al. (2007) Cell 129:
1311-1323; Gupta et al. (2010) Nature 464:1071-1076; and
Huarte et al. (2010) Cell 142:409-419).

A number of the identified IncRNAs are differentially
expressed in association with cell proliferation, differentia-
tion, or apoptosis and could have important roles in regulating
cell function (Huarte et al. (2010) Cell 142(3):409-419;
Loewer etal. (2010) Nat. Genet. 42(12):1113-1117; Ponjavic
etal. (2009) PLoS Genet. 5(8):e1000617; Gupta et al. (2010)
Nature 464(7291):1071-1076; and Mazar et al. (2010) Mol.
Genet. Genomics 284:1-9). Such IncRNAs may potentially
be useful diagnostically or therapeutically; however, the
functions of only a few ofthese IncRNAs have been studied in
detail, and many more functional IncRNAs have yet to be
discovered. Thus, there remains a need in the art for identi-
fying and characterizing IncRNAs that can be used in devel-
oping diagnostics and therapeutics.

SUMMARY

The invention relates to long non-coding RNAs (IncRNAs)
and their diagnostic, prognostic, and therapeutic uses for
cancer, stem cell therapy, and regenerative medicine. In par-
ticular, the invention relates to IncRNAs that that play roles in
regulation of genes involved in cell proliferation, differentia-
tion, and apoptosis. Such IncRNAs can be used as biomarkers
to monitor cell proliferation and differentiation during cancer
progression, stem cell therapy, or tissue regeneration. One of
the identified IncRNAs, referred to as PANDA (a P21-Asso-
ciated NcRNA, DNA damage Activated), inhibits the expres-
sion of apoptotic genes normally activated by the transcrip-
tion factor NF-YA Inhibitors of PANDA sensitize cancerous
cells to chemotherapy and can be used in combination with
chemotherapeutic agents for treating cancer.

Biomarkers that can be used in the practice of the invention
include IncRNAs, such as, but not limited to int: CDK6:143,
dst:CDKN2A:43877, upst: CCNF:-1721, upst: CCN1:-6398,
upst:CCNI:-6621, upst:CCNI:-6883, upst:CDKNIA:-
4845, upst:CDK5R1:-4044, upst:CDK5R1:-4410, upst:C-
CNL2:-1391, upst:CCNL2:-2253, upst:CCNL2:-767, int:
CDKN2D:1417, upst:CCNL2:-5540, int:CDKN1A:1420,
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int: CCNT1:602, upst: CCNL2:-3110, upst: CDK5R1:-5717,
upst: CCNL2:-982, upst:CCNE2:-682, int:CDKS5R1:183,
upst:CDK5R1:-482; upst:CDK8:-798, upst:CDK9:-646,
upst:CDK6:-1860, int: CDK6:1276, upst:CDK6:-533, upst:
CDKN2C:-8037, upst:CCNK:-899, upst:CNNM3:-248,
upst:CDKN1C:-4619, int:CDKN2A:6667, int: ARF:4530,
upst: CDKN2B:-15913, upst:CDK6:-1679, upst:
CDKN1A:-1210, int: CDKN2B:1926, dst: CDKN2A:39498,
upst: CCNL1:-1968, upst:CCNL1:-2234, upst:CCNL1:-
2383, upst:CCNL1:-2767, upst:CDK5R2:-6418, upst:
CDK4:-7794, upst:CDKN1A:-5830, int:CDKN2C:159,
upst: CCNYL2:-36, upst:CCNC:-6760, upst:CDKN2B:-
2817, upst:CNNM3:-970, upst:CDK5R2:-6045, upst:
CDKNI1C:-2196, int: CCND1:874, int: CCND2:1205, upst:
CDKNI1C:-446, int:CCNG2:390, upst:CDK3:-4148, upst:
CCNA2:-250, int:CDKL5:64, upst:CCND2: 3165, int:
CCNK:210, int:CDKN1A:885, upst:CDK5R2:-9197, int:
CNNM3:1459, upst: CCND1:-1659, int:CCNL2:463, upst:
CCNE1:-1190, upst:CDK5R2:-8037, upst:CDKL3:-867,
int:CCNG1:381, upst:CCND2:-2874, upst:CDKN2B:-
130736, int:CCNI:1042, upst:CCND2:-4757, int:CDK9:
352, int:CCND2:1689, int:CDKI.5:1682, upst:CDK5SR2:-
4541, upst:CDKS5:-7855,  upst:CDK9:-1536,  upst:
CCND2:-1291, upst: CCND1:-377, int: CCNL1:1097, upst:
CDK5R2:-648, upst:CCNL2:-7336, upst:CCND1:-2768,
upst:CDK2:-1390, upst:CCNYL3:-8181, dst:CDKN2A:
8650,  upst:CDK8:-265,  upst:CDK4:-4462,  upst:
CDKN2A:-44, int:CDKN2A:5270, upst:CCNJL:-2749,
upst: CNNM4:-1843, upst:CDK5R2:-7376, int:CCNO:
1417, upst:CDKN1C:-5, upst: CDKN1C:-6280, upst: ARF: -
840, upst:CCND2:-1830, upst:CDK5R1:-206, upst:
CCNA1:-1163, int:CCNE2:647, upst:CDK9:-909, upst:
CCNYL3:-293, upst:CDKN3:-271, int:CCNT2:640, upst:
CCND1:-2574, upst:CCNT2:-319, upst:CDK5R1:-3023,
upst:CDK9:-3159, upst: CDK9:-8667, upst: CCNE2:-4956,
int: CCND3:2384, upst: CDKN1B:-1362, upst: CCNI:-7899,
upst:CCNT2:-6751, int:CDK5:1993, upst:CDK9:-8509,
upst: CCND1:-7190, upst: CDKN1C:-7144, upst: CDKN3: -
4479, upst:CCNB3:-3258, upst:CCND3:-9303, upst:
CDKS8:-8337, int:CDKN2C:643, upst:CCNYL3:-1019,
upst:CDK5:-2373, int:CNNM4:1658, upst: CCNE2:-8552,
upst: CCNG1:-9141, upst:CCND2:-4886, upst:CCNK:-
8357, upst:CDKS5:-9105, upst:CDKN2B:-108997, int:
CCNB2:547, upst:CDKN3:-2291, dst:CDKN2A:30203,
upst:CDK2:-5210, upst: CCNL1:-3430, upst: CCNF:-3964,
upst: CCNK:-4426, upst: CCNF:-3743, upst:CDKS5:-3754,
upst: CDKN2B:-35359,  upst:CDKN2B:-87467,  upst:
CDK5R2:-4915, upst:CCNF:-2075, upst:CDK6:-8726,
upst: CDKN2B:-90566, int: CDKN2A:4904, int:CDKN2A:
4432, upst:ARF:-2148, upst:CDKN2B:-130339, upst:
CNNM3:-9238, upst: CCNG1:-4532, int: ARF:15754, upst:
CCNF:-1085, upst:CDKN2B:-23831, upst:CDKNI1A:-
9569, int: CCNI:1874, dst:CDKN2A:45866, int: CCNC:816,
upst: CCNC:-5405, upst:CDK4:-1632, upst: CCNK:-3241,
upst:CDK10:-1805, upst:CCNJL:-671, upst:CDKN3:-
5723, upst: CDKN2B:-15114, upst: CCNE2:-5939, upst:C-
CNIJL:=7299, upst:CCND3:-4248, int:CDK9:1811, upst:
CDKN2C:-8538, upst:ARF:-1395, upst:CCND2:-6904,
upst:CDK4:-977, upst: CCNE1:-5422, upst: CCNE2:-2828,
upst:CDK4:-2133, upst:CDK8:-9630, upst:CDK3:-4497,
upst: CCND3:-6423, upst:CCND1:-8918, upst: CDKN2B: -
119804, upst:CDKN3:-5438, upst:CDKN2C:-7397, upst:
CCNYL1:-3709, upst:CDKL4:-6205, upst:CDKNI1A:-
2237, upst:CDKNI1C:-4093, upst:CCND2:-9042, int:
CDKS8:566, upst: CDKN2B:-804, upst: CCNE1:-4445, upst:
CDKN2B:-74328, upst:CDKN2B:-53107, upst: CCNE1:-
9426, upst:CDKN2C:-3161, upst:CCNG2:-2953, upst:
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CNNMI1:-2645, upst:CDKNI1A:-1902, upst:CDKN3:-
1974, upst:CDK10:-4173, upst:CDK9:-9782,  upst:
CDKNI1C:-5693, upst:CDK5:-9871, upst:CNNM4:-4755,
upst: CDKN2B:-31120, upst: CDK2:-8040, upst:
CDKN2B:-75214, upst:CDKN2C:-127, upst:CDKNI1C:-
1017, and upst:CNNM4:-3840; polynucleotide fragments
thereof, and variants comprising nucleotide sequences dis-
playing at least about 80-100% sequence identity thereto,
including any percent identity within this range, such as 81,
82, 83,84, 85, 86,87, 88,89,90,91,92,93,94, 95, 96, 97, 98,
99% sequence identity thereto. Biomarkers can be used alone
or in combination with additional biomarkers or relevant
clinical parameters in prognosis, diagnosis, or monitoring
treatment of cancer, stem cell therapy, or regenerative medi-
cine.

Biomarker polynucleotides (e.g., IncRNAs) can be
detected, for example, by microarray analysis, polymerase
chain reaction (PCR), reverse transcriptase polymerase chain
reaction (RT-PCR), Northern blot, serial analysis of gene
expression (SAGE), immunoassay, or mass spectrometry.

In one aspect, the invention provides a method for diag-
nosing cancer in a subject, comprising measuring the level of
aplurality of biomarkers in a biological sample derived from
a subject suspected of having cancer, and analyzing the levels
of the biomarkers and comparing with respective reference
value ranges for the biomarkers, wherein differential expres-
sion of one or more biomarkers in the biological sample
compared to one or more biomarkers in a control sample
indicates that the subject has cancer. In one embodiment, the
plurality of biomarkers comprises one or more IlncRNAs
selected from the group consisting of upst: CCNL1:-2767,
int: CDKN1A:+885, wupst: CDKNIA: -4845, upst:
CDKN2B:-2,817, upst:CDK9:-9782, int: ARF:+4,517, int:
ARF:+4530, upst:CDKN1C:-1017, int:CCNG1:+381, and
upst: CCNG2:-2953. In certain embodiments, PANDA (upst:
CDKN1A:-4845) is used alone or in combination with one or
more additional biomarkers or relevant clinical parameters in
prognosis, diagnosis, or monitoring treatment of cancer. In
certain embodiments, the cancer comprises a mutation in the
TP53 gene.

In certain embodiments, the level of one or more biomar-
kers is compared with reference value ranges for the biomar-
kers. The reference value ranges can represent the level ofone
or more biomarkers found in one or more samples of one or
more subjects without cancer (i.e., normal or control
samples). Alternatively, the reference values can represent the
level of one or more biomarkers found in one or more samples
of one or more subjects with cancer. More specifically, the
reference value ranges can represent the level of one or more
biomarkers at particular stages of disease (e.g., mild, moder-
ate, or severe dysplasia, cancer in situ, or invasive cancer) to
facilitate a determination of the stage of disease progression
in an individual and an appropriate treatment regimen.

In another embodiment, the invention includes a method
for monitoring the efficacy of a therapy for treating cancer in
a subject, the method comprising: analyzing the level of each
of one or more biomarkers in samples derived from the sub-
ject before and after the subject undergoes said therapy, in
conjunction with respective reference value ranges for said
one or more biomarkers, wherein the one or more biomarkers
comprises one or more IncRNAs selected from the group
consisting of upst: CCNL1:-2767, int: CDKN1A:+885, upst:
CDKNI1A: -4845, upst:CDKN2B:-2,817, upst:CDK9:-
9782, int:ARF:+4,517, int:ARF:+4530, upst:CDKNIC:-
1017, int: CCNG1:+381, and upst: CCNG2:-2953.

In another embodiment, the invention includes a method
for evaluating the effect of an agent for treating cancer in a
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subject, the method comprising: analyzing the level of each of
one or more biomarkers in samples derived from the subject
before and after the subject is treated with said agent, in
conjunction with respective reference value ranges for said
one or more biomarkers, wherein one or more biomarkers
comprises one or more IncRNAs selected from the group
consisting of upst: CCNL1:-2767, int: CDKN1A:+885, upst:
CDKNI1A: -4845, upst:CDKN2B:-2,817, upst:CDK9:-
9782, int:ARF:+4,517, int:ARF:+4530, upst:CDKNI1C:-
1017, int: CCNG1:+381, and upst: CCNG2:-2953.

In another aspect, the invention includes a method for
monitoring tissue regeneration in a subject, the method com-
prising measuring the level of a plurality of biomarkers in a
biological sample derived from the subject, wherein the plu-
rality of biomarkers comprises one or more IncRNAs selected
from the group consisting of upst:CCNG2:-2953, upst:
CDKNI1A: -4845, upst: CDKN1A: -9569, upst: CCNL1:-
2767, int: CCNG1:+381, upst:CDK9:-9782, int: ARF:+4530,
upst: CDKN1C:-1017; and analyzing the levels of the biom-
arkers in conjunction with respective reference value ranges
for said plurality of biomarkers, wherein differential expres-
sion of one or more biomarkers in the biological sample
compared to one or more biomarkers in a control sample
indicates whether the tissue is regenerating.

In another embodiment, the invention includes a method
for monitoring cell differentiation in a tissue grown in culture,
the method comprising measuring the level of a plurality of
biomarkers in a cell derived from the tissue, wherein the
plurality of biomarkers comprises one or more IlncRNAs
selected from the group consisting of upst: CCNG2:-2953,
upst: CDKNIA: -4845, upst: CDKNI1A: -9569, upst:
CCNL1:-2767, int:CCNG1:+381, upst:CDK9:-9782, int:
ARF:+4530, upst: CDKN1C:-1017; and analyzing the levels
of the biomarkers in conjunction with respective reference
value ranges for said plurality of biomarkers, wherein differ-
ential expression of one or more biomarkers in the biological
sample compared to one or more biomarkers in a control
sample indicates the state of differentiation of the tissue. In
certain embodiments, the tissue is derived from a stem cell.
The stem cell can be an embryonic stem cell, an adult stem
cell, or a cord blood stem cell, and can be totipotent, pluripo-
tent, multipotent, or unipotent.

In another embodiment, the invention includes a method
for evaluating the effect of an agent for regenerating tissue in
a subject, the method comprising: analyzing the level of each
of one or more biomarkers in samples derived from the sub-
ject before and after the subject is treated with said agent, in
conjunction with respective reference value ranges for said
one or more biomarkers, wherein one or more biomarkers
comprises one or more IncRNAs selected from the group
consisting of upst: CCNG2:-2953, upst: CDKN1A: -4845,
upst: CDKNI1A: -9569, upst:CCNL1:-2767, int: CCNG1:+
381, upst:CDK9:-9782, int:ARF:+4530, upst: CDKNI1C:-
1017.

In another embodiment, the invention includes a method
for monitoring the efficacy of a therapy for regenerating tissue
in a subject, the method comprising: analyzing the level of
each of one or more biomarkers in samples derived from the
subject before and after the subject undergoes said therapy, in
conjunction with respective reference value ranges for said
one or more biomarkers, wherein the one or more biomarkers
comprises one or more IncRNAs selected from the group
consisting of upst: CCNG2:-2953, upst: CDKN1A: -4845,
upst: CDKNI1A: -9569, upst:CCNL1:-2767, int: CCNG1:+
381, upst:CDK9:-9782, int:ARF:+4530, upst: CDKNI1C:-
1017.
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In another embodiment, the invention includes a method
for evaluating the effect of an agent for inducing differentia-
tion of a stem cell in a subject, the method comprising: ana-
lyzing the level of each of one or more biomarkers in samples
derived from the subject before and after the subject is treated
with said agent, in conjunction with respective reference
value ranges for said one or more biomarkers, wherein one or
more biomarkers comprises one or more IncRNAs selected
from the group consisting of upst:CCNG2:-2953, upst:
CDKNI1A: -4845, upst: CDKN1A: -9569, upst: CCNL1:-
2767, int: CCNG1:+381, upst:CDK9:-9782, int: ARF:+4530,
upst: CDKN1C:-1017.

In another embodiment, the invention includes a method
for monitoring the efficacy of stem cell therapy in a subject,
the method comprising: analyzing the level of each of one or
more biomarkers in samples derived from the subject before
and after the subject undergoes said stem cell therapy, in
conjunction with respective reference value ranges for said
one or more biomarkers, wherein the one or more biomarkers
comprises one or more IncRNAs selected from the group
consisting of upst: CCNG2:-2953, upst: CDKN1A: -4845,
upst: CDKN1A: -9569, upst: CCNL1:-2767, int: CCNG1:+
381, upst:CDK9:-9782, int:ARF:+4530, upst:CDKNI1C:-
1017.

In another embodiment, the invention includes a method
for evaluating the effect of an agent for inducing differentia-
tion of a stem cell, the method comprising growing the stem
cell in culture; treating the culture with the agent; measuring
the level of a plurality of biomarkers in a cultured cell derived
from the stem cell after treating the culture with the agent,
wherein the plurality of biomarkers comprises one or more
IncRNAs selected from the group consisting of upst:
CCNG2:-2953, upst: CDKN1A: -4845, upst: CDKN1A:
-9569, upst:CCNL1:-2767, int:CCNGI1:+381, upst:
CDK9:-9782, int: ARF:+4530, upst:CDKN1C:-1017; and
analyzing the levels of the biomarkers in conjunction with
respective reference value ranges for said plurality of biom-
arkers.

In certain embodiments, a panel of biomarkers is used for
diagnosing cancer or monitoring cancer progression, stem
cell therapy, or regenerative medical treatments. Biomarker
panels of any size can be used in the practice of the invention.
Biomarker panels typically comprise at least 4 biomarkers
and up to 30 biomarkers, including any number of biomarkers
in between, such as 4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30
biomarkers. In certain embodiments, the invention includes a
biomarker panel comprising at least 4, or at least 5, or at least
6, or at least 7, or at least 8, or at least 9, or at least 10 or more
biomarkers. Although smaller biomarker panels are usually
more economical, larger biomarker panels (i.e., greater than
30 biomarkers) have the advantage of providing more
detailed information and can also be used in the practice of the
invention.

In certain embodiments, the invention includes a biomar-
ker panel comprising a plurality of IncRNAs selected from
the group consisting of int: CDK6:143, dst: CDKN2A:43877,
upst: CCNF:-1721, upst:CCNI:-6398, upst:CCNI:-6621,
upst: CCNI:-6883, upst:CDKN1A:-4845, upst:CDK5R1:-
4044, upst:CDK5R1:-4410, upst:CCNL2:-1391, upst:
CCNL2:-2253, upst:CCNL2:-767, int:CDKN2D:1417,
upst: CCNL2:-5540, int:CDKN1A:1420, int:CCNT1:602,
upst: CCNL2:-3110, upst:CDK5R1:-5717, upst: CCNL2:-
982, upst: CCNE2:-682, int: CDK5R1:183, upst: CDKS5R1:-
482, upst:CDK8:-798, upst:CDK9:-646, upst:CDK6:-
1860, int:CDK6:1276, upst:CDK6:-533, upst:CDKN2C:-
8037, upst:CCNK:-899, upst:CNNM3:-248,  upst:



US 9,062,351 B2

7
CDKNI1C:-4619, int:CDKN2A:6667, int:ARF:4530, upst:
CDKN2B:-15913, upst:CDK6:-1679, upst:CDKNI1A:-
1210, int:CDKN2B:1926, dst:CDKN2A:39498, upst:
CCNL1:-1968, upst:CCNL1:-2234, upst:CCNL1:-2383,
upst: CCNL1:-2767, upst:CDK5R2:-6418, upst:CDK4:-
7794, upst:CDKN1A:-5830, int:CDKN2C:159, upst:
CCNYL2:-36, upst:CCNC:-6760, upst:CDKN2B:-2817,
upst: CNNM3:-970, upst: CDK5R2:-6045, upst: CDKN1C: -
2196, int:CCND1:874, int: CCND2:1205, upst: CDKNI1C:-
446, int:CCNG2:390, upst:CDK3:-4148, upst:CCNA2:-
250, int: CDKL5:64, upst: CCND2: 3165, int: CCNK:210, int:
CDKN1A:885, upst:CDK5R2:-9197, int:CNNM3:1459,
upst: CCND1:-1659, int:CCNL2:463, upst: CCNE1:-1190,
upst: CDKSR2:-8037, upst:CDKL3:-867, int: CCNG1:381,
upst: CCND2:-2874, upst:CDKN2B:-130736, int:CCNI:
1042, upst:CCND2:-4757, int:CDK9:352, int:CCND2:
1689, int:CDKIL.5:1682, upst: CDK5R2:-4541, upst: CDK5: -
7855, upst:CDK9:-1536, upst:CCND2:-1291, upst:
CCND1:-377, int: CCNL1:1097, upst: CDK5R2:-648, upst:
CCNL2:-7336, upst:CCND1:-2768, upst:CDK2:-1390,
upst: CCNYL3:-8181, dst:CDKN2A:8650, upst:CDKS:-
265, upst:CDK4:-4462, upst: CDKN2A:-44, int: CDKN2A:
5270, upst:CCNJL:-2749, upst:CNNM4:-1843, upst:
CDK5R2:-7376, int: CCNO:1417, upst: CDKNI1C:-5, upst:
CDKNI1C:-6280, upst:ARF:-840, upst:CCND2:-1830,
upst:CDKSR1:-206, upst:CCNA1:-1163, int: CCNE2:647,
upst:CDK9:-909, upst: CCNYL3:-293, upst: CDKN3:-271,
int:CCNT2:640, upst:CCND1:-2574, upst:CCNT2:-319,
upst:CDK5R1:-3023, upst:CDK9:-3159, upst:CDK9:-
8667, upst:CCNE2:-4956, int:CCND3:2384, upst:
CDKN1B:-1362, upst:CCNI:-7899, upst:CCNT2:-6751,
int:CDK5:1993, upst:CDK9:-8509, upst:CCND1:-7190,
upst: CDKN1C:-7144, upst:CDKN3:-4479, upst: CCNB3: -
3258, upst:CCND3:-9303,  upst:CDKS8:-8337, int:
CDKN2C:643, upst:CCNYL3:-1019, upst:CDK5:-2373,
int:CNNM4:1658, upst:CCNE2:-8552, upst:CCNG1:-
9141, upst:CCND2:-4886, upst:CCNK:-8357, upst:
CDKS5:-9105, upst:CDKN2B:-108997, int:CCNB2:547,
upst:CDKN3:-2291, dst:CDKN2A:30203, upst:CDK2:-
5210, upst:CCNL1:-3430, upst:CCNF:-3964, upst:
CCNK:-4426, upst: CCNF:-3743, upst:CDKS5:-3754, upst:
CDKN2B:-35359, upst: CDKN2B:-87467, upst: CDK5R2: -
4915,  upst:CCNF:-2075,  upst:CDK6:-8726,  upst:
CDKN2B:-90566, int: CDKN2A:4904, int: CDKN2A:4432,
upst: ARF:-2148, upst:CDKN2B:-130339, upst:CNNM3:-
9238, upst:CCNG1:-4532, int: ARF:15754, upst:CCNF:-
1085, upst:CDKN2B:-23831, upst: CDKN1A:-9569, int:C-
CNI:1874, dst:CDKN2A:45866, int:CCNC:816, upst:
CCNC:-5405, upst:CDK4:-1632, upst: CCNK:-3241, upst:
CDK10:-1805, upst:CCNJL:-671, upst:CDKN3:-5723,
upst: CDKN2B:-15114, upst: CCNE2:-5939, upst: CCNJL: -
7299, upst: CCND3:-4248, int:CDK9:1811, upst:
CDKN2C:-8538, upst:ARF:-1395, upst:CCND2:-6904,
upst:CDK4:-977, upst: CCNE1:-5422, upst: CCNE2:-2828,
upst:CDK4:-2133, upst:CDK8:-9630, upst:CDK3:-4497,
upst: CCND3:-6423, upst:CCND1:-8918, upst: CDKN2B: -
119804, upst:CDKN3:-5438, upst:CDKN2C:-7397, upst:
CCNYL1:-3709, upst:CDKL4:-6205, upst:CDKNI1A:-
2237, upst:CDKNI1C:-4093, upst:CCND2:-9042, int:
CDKS8:566, upst: CDKN2B:-804, upst: CCNE1:-4445, upst:
CDKN2B:-74328, upst:CDKN2B:-53107, upst: CCNE1:-
9426, upst:CDKN2C:-3161, upst:CCNG2:-2953, upst:
CNNMI1:-2645, upst:CDKNI1A:-1902, upst:CDKN3:-
1974, upst:CDK10:-4173, upst:CDK9:-9782,  upst:
CDKNI1C:-5693, upst:CDK5:-9871, upst:CNNM4:-4755,
upst: CDKN2B:-31120, upst:CDK2:-8040, upst:
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CDKN2B:-75214, upst:CDKN2C:-127, upst:CDKNI1C:-
1017, and upst: CNNM4:-3840.

In one embodiment, the invention includes a biomarker
panel comprising a plurality of IncRNAs selected from the
group consisting of int: CDK6:1276, upst:CDK6:-533, upst:
CDKN2C:-8037, int:CDKN2D:1417, upst: CCNL2:-5540,
int: CDKN1A:1420, int:CCNT1:602, upst:CCNL2:-3110,
upst: CDK5R1:-5717, upst:CCNL2:-982, upst: CCNE2:-
682, int:CDK5R1:183, upst:CDK5R1:-482, upst:CDKS8:-
798, upst:CDK9:-646, upst:CDK6:-1860, int:CDKN2B:
1926, int:CDK6:143, dst:CDKN2A:43877, upst:CCNF:-
1721, upst:CCNI:-6398, upst:CCNI:-6621, upst:CCNI:-
6883, upst:CDKNI1A:-4845, upst:CDK5R1:-4044, upst:
CDK5R1:-4410, upst: CCNL2:-1391, upst: CCNL2:-2253,
upst: CCNL2:-767, dst:CDKN2A:39498, upst: CCNL1:-
1968, upst:CCNL1:-2234, upst:CCNL1:-2383, upst:
CCNL1:-2767, upst:CDK5R2:-6418, upst:CDK4:-7794,
upst: CDKN1A:-5830, int: CDKN2C:159, upst: CCNYL2:-
36, upst:CCNC:-6760, upst:CDKN2B:-2817, upst:
CNNM3:-970, upst:CDK5R2:-6045, and upst: CDKN1C:-
2196.

In another embodiment, the biomarker panel comprises
upst: CCNG2:-2953, upst: CDKNI1A: -4845, upst:
CDKNI1A: -9569, upst: CCNL1:-2767, int:CCNG1:4381,
upst:CDK9:-9782, int: ARF:+4530, and upst:CDKNI1C:-
1017.

In a further embodiment, the biomarker panel comprises
upst: CCNL1:-2767, upst: CDKN1A: -4845, upst:CDK9:-
9782, int:ARF:+4530, upst:CDKNI1C:-1017, upst:
CCNG2:-2953, int:CCNG1:+381.

In another aspect, the invention includes a method for
treating cancer comprising administering to a subject in need
thereof a therapeutically effective amount of at least one
chemotherapeutic agent in combination with a therapeuti-
cally effective amount of at least one PANDA inhibitor.
Exemplary PANDA inhibitors include antisense oligonucle-
otides, inhibitory RNA molecules, such as miRNAs, siRNAs,
piRNAs, and snRNAs, and ribozymes. In one embodiment,
the inhibitory RNA molecule is an siRNA comprising a
nucleotide sequence selected from the group consisting of
SEQ ID NOS:12-14.

In another embodiment, the invention includes a method
for inhibiting PANDA in a subject comprising administering
an effective amount of a PANDA inhibitor to the subject.

In another embodiment, the invention includes a method of
increasing the activity of the transcription factor NF-YA in a
cell, the method comprising introducing an effective amount
of'a PANDA inhibitor into the cell.

In yet another aspect, the invention provides kits for use in
diagnosing cancer or monitoring cancer progression, stem
cell therapy or regenerative medical treatments in a subject.
The kit may include at least one agent that specifically detects
an IncRNA biomarker, a container for holding a biological
sample isolated from the subject, and printed instructions for
reacting the agent with the biological sample or a portion of
the biological sample to detect the presence or amount of at
least one IncRNA biomarker in the biological sample. The
agents may be packaged in separate containers. The kit may
further comprise one or more control reference samples and
reagents for performing an immunoassay, microarray analy-
sis, a Northern, PCR, or SAGE for detection of biomarkers as
described herein.

In yet another aspect, the invention provides kits compris-
ing compositions containing PANDA, or at least one PANDA
inhibitor, and/or at least one chemotherapeutic agent, or any
combination thereof. The kit may also include one or more
transfection reagents to facilitate delivery of oligonucleotides
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or polynucleotides to cells. The kit may further contain means
for administering a PANDA inhibitor to a subject.
These and other embodiments of the subject invention will
readily occur to those of skill in the art in view of the disclo-
sure herein.

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1A-1E show the identification of ncRNAs near and
within cell-cycle genes.

FIG. 1A shows a flow chart of the strategy for systematic
discovery of cell-cycle ncRNAs. FIG. 1B shows a represen-
tative tiling array data. The RNA hybridization intensity and
H3K36me3 and H3K4me3 ChIP-chip signals are shown rela-
tive to the input at the CCNE1 locus in human fetal lung
fibroblasts. The predicted transcripts are shown in gray boxes.
Known mRNA exons are shown in black boxes. Each bar
represents a significant peak from one ofthe 108 array chan-
nels. FIG. 1C shows the chromatin state at the transcribed
regions. The average ChIP-chip signal is shown relative to the
input calculated across transcriptional peaks expressed in
human fetal lung fibroblasts with or without doxorubicin
treatment. FIG. 1D shows a codon substitution frequency
(CSF) analysis with a graph of the average evolutionary CSF
of'the exons of coding genes and their predicted transcripts. A
CSF <10 indicates no protein coding potential. FIG. 1E shows
the transcriptional landscape of cell-cycle promoters. We
aligned all of the cell-cycle promoters at the TSS and calcu-
lated the average RNA hybridization signal across a 12 kb
window. The output represents a 150 bp running window of
the average transcription signals across all 54 arrays.

FIGS. 2A and 2B show an analysis of ncRNA expression
across diverse cell cycle perturbations. FIG. 2A shows a
hierarchical clustering of 216 predicted ncRNAs across 54
arrays, representing 108 conditions. Light gray indicates that
the cell cycle perturbation induced transcription of the
ncRNA. Dark gray indicates that the cell cycle perturbation
repressed transcription of the ncRNA. Black indicates no
significant expression change. FIG. 2B shows a close up view
of the ncRNAs in cluster 1.

FIGS. 3A-3C show functional associations of the ncRNAs.
FIG. 3A shows IncRNA expression patterns do not correlate
with those of the mRNAs in cis. Histogram of Pearson cor-
relations between each of the 216 ncRNAs and the cis mnRNA
across 108 samples are shown. FIG. 3B shows that IncRNA
expression patterns have a positive correlation with neighbor-
ing IncRNA transcripts. Histogram of Pearson correlations
between each of the 216 ncRNAs and nearby transcripts on
the same locus across 108 samples are shown. FIG. 3C shows
that the genes co-expressed with IncRNAs are enriched for
functional groups in the cell cycle and in the DNA damage
response. A module map of IncRNA gene sets (columns)
versus Gene Ontology Biological Processes gene sets (rows)
across 17 samples (P<0.05, false discovery rate <0.05) is
shown. A light gray entry indicates that the Gene Ontology
gene set is positively associated with the IncRNA gene set. A
dark gray entry indicates that the Gene Ontology gene set is
negatively associated with the IncRNA gene set. A black entry
indicates no significant association. Representative enriched
Gene Ontology gene sets are listed.

FIGS. 4A-4D show validated expression of ncRNAs in cell
cycle progression, ESC differentiation and human cancers.
We generated custom TagMan probes and used them to inter-
rogate independent biological samples for IncRNA expres-
sion. FIGS. 4A and 4B show periodic expression of IncRNAs
(dark gray) during synchronized cell cycle progression in
HelLacells (FIG. 4A) and foreskin fibroblasts (FIG. 4B). Cell
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cycle phases were confirmed by fluorescence-activated cell
sorting and expression of genes with known periodic expres-
sionin the cell cycle (light gray). FIG. 4C shows a comparison
of regulated expression of IncRNAs in human ESCs and fetal
pancreas (d, day). FIG. 4D shows a comparison of differential
expression of IncRNAs in normal breast epithelium and
breast cancer samples.

FIGS. 5A-5E show that ncRNAs at the CDKN1A locus are
induced by DNA damage. FIG. 5A shows: at the top, a map of
all detected transcripts at the CDKNI1A promoter; in the
middle, two tracks are examples of RNA hybridization inten-
sity in the control or in human fetal lung fibroblasts treated
with doxorubicin (dox) (200 ng/ml) for 24 hours. Note that
we did not observe all DNA-damage-inducible transcripts in
one single time point. At the bottom, the p53 ChIP-chip signal
relative to input confirmed the p53 binding site immediately
upstream of the CDKN1A TSS after DNA damage. The
RACE clone of upst:CDKN1A:-4,845 closely matches the
predicted transcript on the tiling array. FIG. 5B shows quan-
titative RT-PCR of IncRNAs with coordinate induction or
repression across a 24 hour time course of doxorubicin treat-
ment. A cluster of IncRNAs transcribed from the CDKN1A
locus are induced. FIG. 5C shows the expression of tran-
scripts from the CDKN1A locus over a 24 hour time course
after doxorubicin treatment of normal human fibroblasts
(FL3). FIG. 5D shows an RNA blot of PANDA confirming
that the transcript size of 1.5 kb. FIG. 5E shows that doxoru-
bicin induction of PANDA requires p53 but not CDKNI1A.
The meanzs.d. are shown (*P<0.05 relative to siCTRL (con-
trol siRNA) determined by student’s t-test). FIG. 5F shows
that expression of wild-type p53 in p53-null H1299 cells
restores DNA damage induction of CDKN1A and PANDA.
The p53 (p.Val272Cys) loss-of-function mutant fails to
restore induction, whereas a gain-of-function Li-Fraumeni
allele, p53 (p.Arg273His), selectively retains the ability to
induce PANDA.

FIGS. 6 A-6G show that the PANDA IncRNA regulates the
apoptotic response to DNA damage. FIG. 6A shows the
results of siRNA knockdown of PANDA in the presence of
DNA damage with doxorubicin in human fibroblasts (FL3).
Custom siRNAs specifically target PANDA with no discern-
able effect onthe LAP3 mRNA. The mean+s.d. is shown in all
bar graphs (*P<0.05 compared to siCTRL for all panels deter-
mined by Student’s t-test). FIG. 6B shows a heat map of gene
expression changes with siPANDA relative to control siRNA
after 24 hours of doxorubicin treatment in FL3 cells. FIG. 6C
shows that quantitative RT-PCR of canonical apoptosis path-
way genes revealed induction with siPANDA relative to con-
trol siRNA after 28 hours of doxorubicin treatment (in FL3
cells). FIG. 6D shows that quantitative RT-PCR of CDKN1A
and TP53 in FL3 cells revealed no reduction in expression
with siPANDA relative to control siRNA. FIG. 6E shows
TUNEL immunofluorescence of control and siPANDA FL3
fibroblasts after 28 hours of doxorubicin treatment (scale bar,
20 um). FIG. 6F shows quantification of three independent
TUNEL assays (P<0.05 for each siPANDA sample compared
to siCTRL determined by student’s t-test). FIG. 6G shows a
protein blot of PARP cleavage in control and PANDA siRNA
FL3 fibroblasts after 24 hours of doxorubicin treatment.

FIGS. 7A-7E show that PANDA regulates transcription
factor NF-YA. FIG. 7A shows RNA chromatography of
PANDA from doxorubicin-treated FL3 cell lysates. We visu-
alized the retrieved proteins by immunoblot analysis. FIG. 7B
shows that immunoprecipitation of NF-YA from doxorubi-
cin-treated FL3 lysates specifically retrieves PANDA, as
measured by qRT-PCR. The immunoblot confirms immuno-
precipitation of NF-YA, as shown at the bottom. FIG. 7C
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shows ChIP of NF-YA in FL3 fibroblasts nucleofected with
siCTRL or siPANDA. ChIP-gPCR is shown for known NF-
YA target sites on promoters of CCNB1, FAS, NOXA, BBC3
(PUMA) or a control downstream region in the FAS promoter
lacking the NF-YA motif. Mean+s.d. is shown in all bar
graphs (*P<0.05 determined by Student’s t-test). FIG. 7D
shows that concomitant knockdown of NF-YA attenuates
induction of apoptotic genes by PANDA depletion, as mea-
sured by qRT-PCR. FIG. 7E shows that concomitant knock-
down of NF-YA rescues apoptosis induced by PANDA deple-
tion. Quantification of TUNEL staining is shown. The legend
for this panel is as in FIG. 7D.

FIG. 8 shows a model of coding and noncoding transcripts
at the CDKNI1A locus coordinating the DNA damage
response. After DNA damage, p53 binding at the CDKN1A
locus coordinately activates transcription of CDKNIA as
well as noncoding transcripts PANDA and linc-p21.
CDKN1A mediates cell cycle arrest; PANDA blocks apopto-
sis through NF-YA; and linc-p21 mediates gene silencing
through recruitment of hnRPK.

FIG. 9 shows a heatmap of IncRNAs expressed in each of
the 104 different RNA tiling arrays as determined by peak
calling analysis.

FIG. 10 shows that RT-PCR validated the expression cor-
relation between 60 IncRNAs and their nearest 3' and 5'
mRNAs across 34 RNA samples.

FIG. 11 shows gene sets of mRNAs positively or negatively
correlated with each IncRNA as determined by pairwise Pear-
son correlation across 17 tiling and expression arrays.

FIG. 12 shows a molecular Signature Data Base module
map of gene sets associated with IncRNAs.

FIG. 13 shows that PANDA is evolutionarily conserved
across vertebrates as determined by 44 way Vertebrate Con-
servation PhastCon score.

FIGS. 14A and 14B show 24 hour DNA damage time
courses of PANDA (FIG. 14A) and LAP3 (FIG. 14B) expres-
sion. Human fetal lung fibroblasts (FL3) cells were treated
with doxorubicin and collected at the indicated time points
for RT-PCR analysis.

FIG. 15 shows p53-dependent DNA damage induction in a
subset of IncRNAs. A heatmap is shown of IncRNA expres-
sion (as measured by RT-PCR) of human fetal lung fibroblasts
(FL3) treated with doxorubicin in the presence of siCTRL,
siCDKNI1A, or siTP53. Light gray indicates induction rela-
tive to undamaged cells. Dark gray indicates repression.

FIGS. 16A and 16B show PANDA expression levels in
tumors. FIG. 16 A shows a comparison of the expression in
p53 mutant and p53 wild-type tumors. Human primary breast
tumors were derived from the fresh-frozen tissue bank of the
Netherlands Cancer Institute/Antoni van Leeuwenhoek Hos-
pital. TP53 mutations were identified by DNA sequencing of
exons 2-11. FIG. 16B shows a comparison of the expression
of PANDA in 5 normal breast tissues and 5 metastatic ductal
carcinomas, also obtained from the same tissue depository as
FIG. 16A.

FIG. 17 shows that three independent siRNAs to upst:
CDKN1A:-800 did not induce PARP cleavage in FL3 cells
upon treatment with doxorubicin.

FIG. 18 shows the knockdown efficiency of NFYA and
PANDA for FIGS. 7D and 7E.

DETAILED DESCRIPTION

The practice of the present invention will employ, unless
otherwise indicated, conventional methods of pharmacology,
chemistry, biochemistry, recombinant DNA techniques and
immunology, within the skill of the art. Such techniques are
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explained fully in the literature. See, e.g., Handbook of
Experimental Immunology, Vols. I-IV (D. M. Weir and C.C.
Blackwell eds., Blackwell Scientific Publications); A. L. Leh-
ninger, Biochemistry (Worth Publishers, Inc., current addi-
tion); Sambrook, et al., Molecular Cloning: A Laboratory
Manual (3" Edition, 2001); Methods In Enzvmology (S.
Colowick and N. Kaplan eds., Academic Press, Inc.).

All publications, patents and patent applications cited
herein, whether supra or infra, are hereby incorporated by
reference in their entireties.

1. Definitions

In describing the present invention, the following terms
will be employed, and are intended to be defined as indicated
below.

It must be noted that, as used in this specification and the
appended claims, the singular forms “a,” “an” and “the”
include plural referents unless the content clearly dictates
otherwise. Thus, for example, reference to “an IncRNA”
includes a mixture of two or more IncRNAs, and the like.

The term “about,” particularly in reference to a given quan-
tity, is meant to encompass deviations of plus or minus five
percent.

“PANDA” refers to upst:CDKN1A:-4845, also known as
P21-Associated, Non-coding RNA, DNA damage Activated,
a long non-coding RNA transcript produced from chromo-
some 6 at nucleotide positions 36749619-36750963. A rep-
resentative human sequence of PANDA is shown in SEQ ID
NO:1.

The terms “microRNA,” “miRNA,” and MiR” are inter-
changeable and refer to endogenous or artificial non-coding
RNAs that are capable of regulating gene expression. It is
believed that miRNAs function via RNA interference. When
used herein in the context of inactivation, the use of the term
microRNAs is intended to include also long non-coding
RNAs, piRNAs, siRNAs, and the like. Endogenous (e.g.,
naturally occurring) miRNAs are typically expressed from
RNA polymerase 11 promoters and are generated from a
larger transcript.

The terms “siRNA” and “short interfering RNA” are inter-
changeable and refer to single-stranded or double-stranded
RNA molecules that are capable of inducing RNA interfer-
ence. SIRNA molecules typically have a duplex region that is
between 18 and 30 base pairs in length.

The terms “piRNA” and “Piwi-interacting RNA” are inter-
changeable and refer to a class of small RNAs involved in
gene silencing. PIRNA molecules typically are between 26
and 31 nucleotides in length.

The terms “snRNA” and “small nuclear RNA” are inter-
changeable and refer to a class of small RNAs involved in a
variety of processes including RNA splicing and regulation of
transcription factors. The subclass of small nucleolar RNAs
(snoRNAs) is also included. The term is also intended to
include artificial snRNAs, such as antisense derivatives of
snRNAs comprising antisense sequences directed against the
IncRNA, PANDA.

The terms “polynucleotide,” “oligonucleotide,” “nucleic
acid” and “nucleic acid molecule” are used herein to include
a polymeric form of nucleotides of any length, either ribo-
nucleotides or deoxyribonucleotides. This term refers only to
the primary structure of the molecule. Thus, the term includes
triple-, double- and single-stranded DNA, as well as triple-,
double- and single-stranded RNA. It also includes modifica-
tions, such as by me